Abstract Genome-wide association studies (GWAS) have identified several loci as being associated with breast cancer in mostly European populations. We focus on TNRC9 rs3803662, FGFR2 rs1219648 and rs2981582, MAP3K1 rs889312, and 2q35 rs13387042, to replicate in the 4-Corner's Breast Cancer Study of Hispanic (N = 565 cases and 714 controls) and non-Hispanic white (NHW) women (N = 1177 cases and 1330 controls). We evaluate associations by ethnicity, menopausal status, and tumor ER/PR status after adjusting for genetic admixture. TNRC9 AA genotype was associated with significant increased risk among NHW women (OR 1.54, 95% CI 1.14, 2.08; P trend 0.003). Both polymorphisms of FGFR2 were associated with statistically significant increased risk for NHW and Hispanic women; MAP3K1 was not associated with risk among either ethnic group. The polymorphism on 2q35 was associated with a statistically significant increased risk among Hispanic women (OR 1.53, 95% CI 1.08, 2.15 for the AA genotype; P trend = 0.004). Associations were significantly different among pre/peri-menopausal women for TNRC9 (P heterogeneity 0.008) and for 2q35 (P heterogeneity 0.08) for NHW and Hispanic women. Both FGFR2 polymorphisms reduced risk of ER-/PR-tumors in the presence of the minor allele among NHW women. Among Hispanic women, polymorphisms of the FGFR2 gene were associated with almost a twofold increase risk of an ER?/ PR? tumor, while non-significantly inversely associated with ER-/PR-tumors. Our data replicated some of the previously reported GWAS findings. Differences in associations were detected for NHW and Hispanic women by menopausal status and by ER/PR status of tumors.
Introduction
Genome-wide association studies (GWAS) of breast cancer have primarily focused on women of European ancestry [1] [2] [3] . These studies have identified new loci for replication and further evaluation. Replication studies in African American populations have had mixed success in confirming associations [4] . Among women of Asian ancestry approximately half of loci identified in women of European ancestry could be replicated [5] . Lack of replication of some loci could stem from differences in populations studied that varied by menopausal status, family history status, ethnicity, and other unique population characteristics. Confirmatory findings have been shown for a polymorphism in the fibroblast growth factor receptor 2 (FGFR2) gene, rs1219648 and in 2q35 rs13387042 in African American women [6] . This FGFR2 polymorphism was originally reported by Hunter [2] while the 2q35 polymorphism was reported by Stacey et al. [7] . Two polymorphisms in the FGFR2 gene, rs1219648 and rs2420946, were originally identified by Hunter among post-menopausal breast cancer cases [2] . A GWAS conducted by Easton and colleagues also identified a significant association with an FGFR2 with breast cancer using marker rs2981582 [1] . The finding reported by Hunter was confirmed in three of the four populations assessed. In 2007, Easton also reported on a polymorphism in MAP3K1, rs889312, which has been confirmed in other populations and has been identified as involved in a potential key pathway for breast cancer [1, 3] . TNRC9, also known as Tox3, was originally identified as important by Easton and the rs3803662 polymorphism has recently been confirmed from deep sequencing studies as a key TNRC9 SNP associated with breast cancer [8] .
In this paper, given the confirmatory results from several studies in multiple populations, we focus on five polymorphisms, TNRC9 rs3803662, FGFR2 rs1219648 and rs2981582, MAP3K1 rs889312, and 2q35 rs13387042, to replicate in a breast cancer case-control study among women living in the Southwestern United States. Replication of these findings from GWAS in Hispanic women has not been published. We use data collected from the 4-Corner's Breast Cancer Study conducted in Arizona, Colorado, New Mexico, and Utah to evaluate these associations. We consider differences in association that may stem from population characteristics including having a family history of breast cancer, menopausal status, and ER/ PR status of tumors. We adjust for genetic admixture among Hispanic women.
Methods
Study participants were women living in Cochise, Coconino, Maricopa, Pima, Pinal, Santa Cruz, and Yuma Counties in Arizona, or the states of Colorado, New Mexico, or Utah at the time of diagnosis or selection [9] . Study hypotheses focused specifically on breast cancer in Hispanic women, therefore, sampling was stratified on ethnicity to select these women in larger proportion than their representation in the population. All Hispanic women between the ages of 25 and 79 who were diagnosed with breast cancer during the study period were eligible for the study. An age-matched sample of non-Hispanic white (NHW) women were randomly selected on a 1 to 1 ratio to the distribution of Hispanic cases in Arizona and Colorado; at a 4 to 1 ratio to the distribution of Hispanic cases in Utah; all Hispanic and non-Hispanic cases age 50 and under in New Mexico; and a 1 to 1 ratio for women over 50 in New Mexico. The GUESS program (Generally Useful Ethnic Search System) was used to identify women who were Hispanic [10] . A detailed description of study methods and response rates has been published and are briefly described below [9] .
Cases were histologically confirmed as having in situ or invasive breast cancer (ICDO sites C50.0-C50.6 and C50.8-C50.9) diagnosed between October 1999 and May 2004. State tumor registries were used to initially identify and confirm case eligibility. They also provided study data for ER and PR status of tumors. Of cases identified, 68% of women contacted participated. Of the cases participating, 565 Hispanic and 1177 non-Hispanic white cases had DNA available for analyses.
Controls were selected from the target populations to match ethnicity and 5-year age distribution of cases. In Arizona and Colorado, participants under 65 were randomly selected from a commercial mailing list; in New Mexico and Utah, controls under 65 years were randomly selected from drivers' license lists. In all states, women 65 years and older were randomly selected from Center for Medicare Services lists. Of controls identified 714 Hispanic and 1330 non-Hispanic white controls had DNA available for analyses.
All women identified were screened for eligibility prior to study enrollment. As part of the screening, women were asked to self-identify their race and ethnicity. Women initially identified as being Hispanic by the GUESS program who subsequently self-reported not being Hispanic/ AI were ineligible for the study. All participants signed informed written consent prior to participation; the study was approved by the Institutional Review Board for Human Subjects at each institution. Respondents were given the option of having the interview administered in either English or Spanish. At the time of interview, respondents were again asked to self-identify their ethnicity and race as part of the study questionnaire. If a respondent described herself as belonging to more than one race or ethnic group, all were recorded. The questionnaire included information family history of first-degree relatives with breast cancer. As part of the interview, women were asked to ''best describe your menstrual status on (referent date)'' by selecting response from a card; this information was used to define individual menopausal status.
Genotyping
Genomic DNAs were isolated from blood from all study subjects. TaqMan assays for TNRC9 rs3803662, FGFR2 rs1219648 and rs2981582, MAP3K1 rs889312, and 2q35 rs13387042 were purchased from Applied Biosystems (Foster City, CA) and run according to the manufacturer. Briefly, each 5 ll TaqMan reaction contained 20 ng of genomic DNA, primers, probes, and TaqMan Universal Master Mix (containing AmpErase UNG, AmpliTaq Gold polymerase, dNTPs, and reaction buffer). TaqMan reactions were carried out with the following procedure: 50°C for 2 min to activate UNG, 95°C for 10 min, followed by 40 cycles of 92°C for 15 s, and 60°C for 1 min in an ABI 9700 PCR machine with 384 well format. Fluorescent endpoints of the TaqMan reactions were measured using an ABI 7900HT sequence detection instrument. All markers were in Hardy Weinberg equilibrium for both ethnic groups.
Statistical methods
All analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC). The five loci were identified from GWAS studies. They were tested for Hardy-Weinberg equilibrium (HWE) within controls by ethnicity, and both R-square and D prime were calculated for the two loci in FGFR2 within controls by ethnicity using the EM algorithm to estimate haplotype frequencies. A chi-square test was used to compare the minor allele frequencies between ethnicities within controls. Multiple logistic regression models were used to assess breast cancer risk associated with the five loci, and analyses were stratified by ethnicity and adjusted for age at diagnosis/selection, study center and genetic admixture among Hispanic women. Methods for calculating genetic admixture have been described and were based on a two population model that included European and Native ancestry using the program Structure [11] . P values of linear dose response genotype effect were calculated by comparing the difference in the maximum likelihood estimates for a logistic regression model with and without the genotype of interest as ordinal using a chisquare test with one degree of freedom. Heterogeneity P values for differences in association between NHW and Hispanic women were determined by comparing the difference in maximum likelihood estimates for a logistic regression model with and without an interaction term between race and the genotype of interest using a chi-square test with one degree of freedom. We presented findings stratified by pre/peri-menopausal women as determined from data reported on the study questionnaire. We present findings stratified by ER and PR status of tumors for NHW and Hispanic women separately. No differences in association were detected by family history of breast cancer in first-degree relatives therefore those data are not presented.
Results
Study population characteristics are shown in Table 1 . Most study participants were between 40 and 59 years of age and were post-menopausal. A family history of breast cancer in first-degree relatives was reported by 15.8% of NHW controls and 13.6% of Hispanic controls. Hispanic cases had more ER negative tumors than NHW women, although PR tumor status did not differ by ethnicity. The minor allele frequency (MAF) for the TNRC9 and MAP3K1 variants was significantly greater among Hispanic women, while the minor allele of the polymorphism at 2q35 was more common among NHW women.
No significant ethnic differences in associations were detected between NHW and Hispanic women for any of the five SNPs assessed, although magnitude of the association varied for NHW and Hispanic women ( Table 2) . TNRC9 rs3803662 AA genotype was associated with increased risk among NHW women (OR 1.54, 95% CI 1.14, 2.08; P trend 0.003) but not among Hispanic women (OR 1.05, 95% CI 0.75, 1.46; P trend 0.82). Both polymorphisms of FGFR2 were associated with statistically significant increased risk for both NHW and Hispanic women, while MAP3K1 was not associated with risk among either ethnic group. The polymorphism on 2q35 (rs13387042) was associated with a statistically significant increased risk only among Hispanic women (OR 1.53, 95% CI 1.08, 2.15 for the AA genotype; P trend = 0.004).
No meaningful differences were detected for breast cancer risk between NHW and Hispanic women who were post-menopausal (Table 3) . However, associations were significantly different among pre/peri-menopausal women for TNRC9 rs3803662 (P heterogeneity 0.008) and of borderline significant difference for 2q35 rs13387042 (P heterogeneity 0.08) for NHW and Hispanic women. The AA genotype of TNRC9 was associated with over a twofold increased risk of breast cancer among pre/peri-menopausal NHW women (OR 2.18, 95% CI 1.28, 3.73; P linear trend 0.0003) and was not associated with risk among Hispanic women (OR 0.86, 95% CI 0.51, 1.44; P linear trend 0.67). On the other hand the AA genotype of 2q35 rs13387042 significantly increased risk among Hispanic women (OR 1.94, 95% CI 1.12, 3.36; P linear trend 0.01) but was not associated
with breast cancer among NHW pre/peri-menopausal women (OR 1.02, 95% CI 0.70, 1.50; P linear trend 0.88).
Associations by ER/PR tumor status (Table 4 ) revealed few findings. Among NHW women only 2q35 rs13387042 appeared to be uniquely associated with ER?/PR? tumors. Both FGFR2 polymorphisms reduced risk of ER-/PR-tumors in the presence of the minor allele among NHW women. Among Hispanic women, both polymorphisms of the FGFR2 gene were associated with almost a twofold increase risk of an ER?/PR? tumor in a dose-response manner, while nonsignificantly inversely associated with ER-/PR-tumors.
Discussion
Our replication of five SNPs identified from multiple GWAS of breast cancer in Hispanic and NHW women living in the Southwestern United States, showed that three SNPs replicated in Hispanic women, FGFR2 rs1219648 and rs2981582 and the SNP located on 2q35 (rs13387042). Three SNPs also replicated among NHW women, TNRC9 rs3803662 and both SNPs on FGFR2. While associations did not differ by family history, they appear to be slightly stronger for pre/peri-menopausal women. Of interest is the association between both FGFR2 polymorphisms and ER/ PR tumor status, in that among NHW women the minor allele is associated with reduced risk of ER-/PR-tumors. Among Hispanic women, there is a dose response increase in risk of an ER?/PR? tumor associated with the minor allele of the FGFR2 polymorphisms. The two polymorphisms in FGFR2 are in high LD with an r 2 of 0.93 for NHW and 0.88 for Hispanic women. Thus it is not surprising that findings for the two polymorphisms are similar. These associations for these SNPs were first reported by Easton and Hunter [1, 2] have since been replicated in several populations including studies of African Americans [12] . Hunter's report of a pooled estimate of a 20% increased risk with the heterozygote and 64% increased risk for homozygote variant among postmenopausal women is higher than we report here, although a similar trend in risk is observed. Easton reported findings similar to those by Hunter. Our risk estimates for postmenopausal Hispanic women are more similar to those reported by Hunter and Easton than are our findings for NHW women. FGFR2 is a tumor suppressor gene that is often over-expressed in breast tumors [13] . It has been hypothesized that FGFR2 is involved in signal transduction and transformation of mammary epithelial cell lines.
The findings for TNRC9, MAP3K1, and 2q35 have been replicated in some, but not other studies. TNRC9 rs3803662 is near the 5 0 end of TNRC9, whose protein expression is implicated in breast cancer metastasis to bone [7] . The association with TNRC9 rs3803662 was not confirmed in two studies of African American women [6, 12] although it has been shown to have strong signals in other studies, including studies involving deep sequencing of the gene [3, 8] . Neither MAP3K1 rs889312 nor rs13387042 on 2q35 have been confirmed in studies of African American women [6, 12] , however, another polymorphism of MAP3K1, rs16886165, has been reported in a multi-stage breast cancer GWAS study [3] . Several studies have examined these loci with breast cancer clinical features, including ER/PR status of tumors. A study by Garcia-Closas and Chanock [14] did not observe any associations between these loci and ER-tumors. The increased risk was restricted to ER? tumors and was seen for all five SNPs. Nordgard and colleagues observed TNRC9 was up-regulated in luminal A, luminal B, and ErbB2? tumors and down-regulated in basal-like subtype [15] . Our data suggest that FGFR2 may influence ER/PR status of tumors, decreasing the likelihood of ER-tumors among NHW women while increasing the likelihood of ER/PR? tumors among Hispanic women. Evaluation of molecular subtypes of breast cancer with GWAS data has been cited as an important component to identification of susceptibility loci [16] .
Conclusions
Our results support the hypothesis that genetic factors differ by race and ethnicity as they relate to breast cancer. The importance of examining ethnicity/race associations as a component of validating and replicating associations is critical to understand the complexity of disease associations among genetically admixed populations. Because of these differences, it also is important to examine GWAS in Hispanic admixed populations to identify polymorphisms that may be uniquely associated with these populations and could account for biological disparities in breast cancer incidence.
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